Small suppliers often face challenges to obtain financing for their operations. Especially in developing economies, traditional financing methods can be very costly or unavailable for such suppliers. In order to reduce channel costs, in recent years large buyers started to implement their own financing methods that intermediate between suppliers and financing institutions. In this paper, we analyze the role and efficiency of buyer intermediation in supplier financing (BIF). Building a theoretical model, we show that without buyer intermediation, traditional supplier financing can be inefficient and can significantly reduce supply chain performance. Using data from a large Chinese online retailer, we demonstrate that BIF induces lower wholesale prices and higher order quantities. Through structural regression estimation, we demonstrate that the retailer overestimates the demand by 10-15%. We also show that the financed suppliers have cash positions of only about 56% of their operating costs, and that BIF improved channel profits by approximately 16.7%, yielding significant annual savings for the retailer.
To capture the economic gist behind the problem, we build a model of a two-layer supply chain with a potentially budget-constrained supplier. We first analyze the traditional supply chain financing namely, commercial loans such as those that Jingdong's suppliers were using before BIF was introduced. We then model BIF based on the financing scheme employed by Jingdong, compare its outcome and performance to the traditional financing scheme and demonstrate the efficiency gains BIF yields for the supply chain.
Utilizing data obtained from Jingdong on its supplier finance program, we then test our model 's conclusions, showing that as our model predicts, BIF reduces wholesale prices, reduces interest rates and increases order quantities. We further perform a structural estimation of our model and obtain estimates of unobservable model parameters. Finally, using the results of our model and calibrating, we estimate the efficiency gains by employing BIF compared to the traditional financing scheme to be approximately 16.7%, which translates into approximately $7.3M savings for the current data set with projected total savings from employing the scheme reaching upwards of $58M in 2013.
The rest of the paper is organized as follows. Section 2 reviews the previous literature. Section 3 lays out the model framework, describes the financing schemes we study, and provides the theoretical analysis and the comparison of the financing schemes. Section 4 presents our empirical analysis, including model parameter estimation, hypothesis development and tests, and efficiency analysis. Section 5 offers our concluding remarks. All proofs are given in the appendix.
Literature Review
Our work lies at the interface of operations and financial decisions. In the operations management literature, our work is closely related to three areas: supply chain finance, supply chain risk and operational hedging.
Supply chain finance literature studies how financial constraints and financing services influence supply chain performance. Xu and Birge (2004) provide one of the early studies in the literature that captures the decision of a capital constrained newsvendor. They show that firm value can be significantly improved by integrating financial and operational decisions. Klapper (2006) suggests that factoring allows a high risk supplier to transfer its risk to higher quality buyers, and factoring is more prevalent in countries with more mature credit information bureaus. Dada and Hu (2008) show that in a Stackelberg game setting, a capital constrained newsvendor would borrow from bank and order an amount that is less than what would be optimal if the cost of borrowing is not too high. Zhou and Groenevelt (2008) investigate the case when the supplier provide subsidies to a budget constrained retailer. Caldentey and Chen (2009) , Zhao (2011, 2012) and Jing et al. (2012) examine the interplay between a supplier, a budget constrained retailer and bank, demonstrating that when bank loans are competitively priced, retailers will prefer supplier financing to bank financing if an optimally structured trade credit contract is offered -but when the bank has market power in setting the interest rate, either form of financing can be preferable depending on the market parameters. Yang and Birge (2011) extend previous works by showing that even when bank financing and supplier financing can be used jointly, supplier financing is still preferred to bank financing. In addition, with the aid of a sample of firm-level data, they find that the financing pattern predicted by their model is used by a wide range of firms. Alan and Gaur (2012) show that when bank is a profit maximizer, the collateral value of inventory is a function of the bank's belief regarding the firm's demand distribution. Luo and Shang (2013) explore the interaction of the inventory policy and trade-credit in multi-period setting, demonstrating that a simple myopic inventory policy based on a target stock level and the firm's working capital is optimal. Wu et al. (2014) explore the buyer backed supplier finance through a centralized two-stage stochastic programming model with exogenous wholesale price, finding that the buyer's guarantee in financing is necessary if the demand is large, supplier's capital is inadequate or the market finance interest rate is high. They also find that in this single decision-maker setting, the buyer can improve her payoff by guaranteeing the supplier's loan. Research on reverse factoring is closely related to our paper as it also studies how large retailer can collaborate with bank to help supplier to obtain cheap financing by reallocating the financial flow. Corsten (2010) notes that some suppliers resist changing from previous working practices to reverse factoring due to reasons such as supplier's being not accustomed to dealing with international bank that works with the retailer and complicated financial procedure required by implementing reverse factoring. Tanrisever et al. (2012) provide a theoretical treat showing how reverse factoring creates value for each party in the supply chain and how the value is affected by the spread in external financing cost, the working capital policy, the payment period extension and the risk free rate. The paper also explore the impact of reverse factoring on operations decision using make-to-order and make-to-stock models. In our paper, we differ from Tanrisever et al. (2012) by presenting a two-way decentralized game between the supplier, the buyer and the bank with endogenous wholesale pricing, and comparing the performance of two different financial schemes in this strategic setting with asymmetric information, as employed in practice by companies such as Jingdong. We further identify the conditions under which in equilibrium the buyer intermediated financing scheme can improve the buyer's payoff or reduce it. We further apply the theoretical findings to data from Jingdong to test the theory, estimate unobservable parameters and measure efficiency.
The second stream of research related to our paper concerns supply chain risk and supply chain default. Tomlin (2006) studies different types of disruption management strategies and shows that the nature of disruption such as length and uptime influences which strategy to choose. Babich (2006) and Babich et al. (2007) examine how correlated default affects the supplier competition and diversification within a supply chain. Dada et al. (2007) show that in a supply chain where there are both reliable and unreliable suppliers, low production cost, rather than reliability, is still the most important criteria for choosing suppliers. Lai et al. (2009) show that with financial constraints, a supply chain would maximize its efficiency by operating under a combination of consignment mode and pre-order mode. Swinney and Netessine (2009) demonstrate that in the presence of default risk, long-term contracts are preferred over short term contracts. Also, a dynamic contract whose contract price is tied to some index representing the production cost allows the buyer to coordinate the supply chain. Yang et al. (2009) examine how asymmetric information influences the value of risk mitigation strategy. They illustrate that information asymmetry will cause reliable suppliers to use back production option under default, and a manufacturer would be willing to pay for information when backup production cost is not very high. Babich (2010) presents conditions under which, when facing a risky supplier, a downstream firm could make ordering decisions independent of subsidy decisions. Dong and Tomlin (2012) examine how business interruption insurance, along with operational measures such as investing in inventory and using emergency sourcing, could help mitigate the disruption. They show that insurance and operations measures could be either substitutes or complements. We study a financing method that transfers the risk among supply chain members in a novel way, and show that by allocating risk away from the supplier and towards the buyer can improve supply chain performance.
The third stream of literature our paper is related to is on operational hedging. Boyabatlı and Toktay (2004) provide a comprehensive review of this branch of the literature. Gaur and Seshadri (2005) show how to construct optimal hedging transactions that minimize the profit variance and increase the expected utility for a risk averse decision maker. Ding et al. (2007) demonstrate that the firm's financial hedging strategy ties closely to the firm's operational strategy. Chod et al. (2010) examine the relationship between operational flexibility and financial hedging. Based on the value of financial hedging, they show that when product demands are positively (negatively) correlated, product flexibility and financial hedging tend to be complements (substitutes). Rao and Gutierrez (2010) propose a framework that can identify the combined effect of operations management practice and financial hedging, and find that coordination between the two functions can lower a firm's cash requirement and boost productivity. Hankins (2011) studies how firms manage risk by examining the relationship between financial and operational hedging. By using a sample of bank holding companies, he shows that the operational hedging can substitute for financial hedging. Tomlin and Wang (2005) investigate the value of the combination of flexibility and dual sourcing in unreliable newsvendor networks. They demonstrate that the level of diversification and flexibility are sensitive to resource costs, reliabilities and downside risk tolerance. Wang et al. (2010) study whether,
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Figure 1: Sequence of events dual sourcing or process improvement is preferable as a remedy to mitigate supply chain risk. They show that process improvement is more efficient than dual sourcing as the supply cost heterogeneity increases, and dual sourcing is preferable when supplier's reliability heterogeneity is high. Li and Debo (2009) examine the merits and drawbacks of sole sourcing and second sourcing under information asymmetry.
They demonstrate that the benefits of second sourcing are influenced by the demand distribution and capacity costs. In addition, second sourcing is superior to sole sourcing when capacity cost is low, and second sourcing can lead to an overinvestment in initial capacity. In our paper, we theoretically and empirically demonstrate that when suppliers are cash constrained, in certain cases assuming more risk instead of trying to hedge it away can help boost a downstream buyer's profits.
Theory
In order to derive our hypotheses and provide the theoretical layout of our structural empirical analysis, we first present our game theoretical framework of the financing structures. We start with the general model description and then provide the details of the two financing models, namely the benchmark Commercial
Loans and the Buyer Intermediated Financing model we are studying.
Model Description and Sequence of Events
Consider a two-layer supply chain with a large downstream retailer and an upstream supplier, who is potentially budget constrained. That is, the supplier's initial capital can be insufficient to produce what is ordered. The funds the supplier may need to finance its operations can be provided by a third-party bank.
The retailer is large enough that, independent of the revenue from selling the product, she can always cover a loan she has committed to pay. 1
There are three time periods in the model, indexed as t = 0, 1 and 2. At time t = 0, the retailer, who is at a dominant position within the supply chain, offers the supplier a contract, specified by the pair (w, Q), where w is the wholesale price, Q is the quantity ordered. 2 If the offer is accepted, supplier produces the goods to be delivered at t = 1 at a variable production cost is c p . At time t = 1, supplier delivers the ordered goods, and needs to pay for the production costs due. If the supplier's cash position at t = 1 is insufficient to cover the production costs, he needs to borrow a certain amount from the bank. At t = 2, the consumer demand, D realizes. The consumer demand distribution has a c.d.f. F (·) and a p.d.f. f (·).
The retailer delivers the product to the consumers and receives the corresponding revenue at a unit price p. For each unit of unmet demand, the retailer incurs a goodwill loss cost of c g .
The supplier can be one of two types: low product defect with probability π l ∈ (0, 1) or high product defect with probability 1 − π l . 3 If the supplier is the low product defect type, his product is defective with probability a l ∈ (0, 1) and when he is the high product defect type, his product is defective with probability a h > a l . Define µ a , as the ex-ante product defect probability for a given supplier, i.e., µ a = π l a l +(1−π l )a h .
After the product reaches the customers at time t = 2, it is revealed whether it is defective or good. If the product is defective, customers return the product to the retailer and the retailer returns it to the supplier. The retailer gets full refund for the defective products but it costs her c e for each item returned from customers for processing. A customer may also return the product with probability a n even when a certain product is not defective. Finally, the retailer sends all unsold products to the supplier for a full refund, w. 4 We assume that the expected revenue from selling the product exceeds the expected losses from exchange costs, i.e., (1 − a l )((1 − a n )p − a n c e ) − a l c e > 0, since otherwise the product would not be a viable one for the supply chain with negative expected proceeds from each unit sold. The bank does not know the type of the supplier and hence the true defect rate of the product. The retailer on the other hand, has the history of the transactions with the supplier and knows the type of the supplier and the true defect rate. Figure 1 summarizes the general outline of the sequence of events.
We next present the details of the two financing schemes we study individually. For simplicity in exposition, we will focus on the case where the retailer is low product defect type (i.e., the probability of defect for his product is a l ). 5
Financing Alternatives

Commercial Loan
We start with the case where the supplier borrows from a bank without the retailer being an intermediary. This is a traditional commercial loan scenario, which we denote by the subscript cl . The time line follows the general outline: The retailer makes the contract offer (w, Q) at t = 0, and the supplier produces and delivers the goods at t = 1. The consumer demand and the retailer revenues materialize at t = 2 and if the product is not defective, the retailer makes the payment in full to the supplier. If the products are defective, the retailer returns all the products to the supplier and the supplier does not get paid. In the mean time, in order to finance its production, the supplier may need to borrow a loan L at time t = 1 from the bank, payable due at t = 2. At the time the loan payment is due, if the supplier has not defaulted, he pays the bank the loan principal plus interest to the extent possible depending on his cash position after obtaining the retailer's payment at t = 2. The interest rate for the bank loan is determined competitively.
Denote the risk-free rate by r f and the bank's interest rate by r cl . Also denote the retailer's and the supplier's expected profits as Π r and Π s , respectively.
The supplier has to make sure that he borrows enough to cover his production cost. The retailer, on the other hand, has to ensure that the supplier's terminal cash position will be no less than what he would otherwise obtain by investing his money on the risk free asset.
Given, this setting, first, B 2 , the supplier's cash position at t = 2 before paying the loan can be written as
if the product is not defective ;
Then the supplier's problem for determining the amount to borrow from the bank can be written as
Hence the retailer's problem when the supplier financing is obtained through a commercial loan can be written as max Q,w≥0
where L solves the supplier's optimization problem for (Q, w)
as given in (2).
Buyer Intermediated Financing
Traditional commercial loans, though being able to provide the suppliers with some liquidity, still make the supplier to face the bank as the borrower. This may be especially a problem for small suppliers or new businesses who have little or no credit history. In Buyer Intermediated Financing (BIF), however, a larger retailer can help small suppliers get better financing by intermediating between them and the bank and effectively underwriting the supplier's loan back payment. We denote the BIF financing case with the subscript bi .
The timeline of the BIF approach is as follows: after the supplier and the retailer agree on the contract at t = 0 and the products are delivered at t = 1, the supplier can obtain a loan from the buyer to cover his due payments arranged by the retailer: The retailer works together with the supplier and the bank to get a loan at a discount δ bi ∈ (0, 1) set by the retailer herself. In return, the retailer commits to paying back the loan. In particular, for L ≤ wQ, the supplier obtains L(1 − δ bi ) at t = 1 and the retailer agrees to pay L back to the bank at t = 2. At that time, if the product is not defective, the retailer pays the supplier the remainder of the account wQ − L. If the product is defective, however, the retailer just pays the loan due amount L back to the bank and does not pay the remaining due to the supplier as all the products are returned to the supplier.
Supplier's problem in this case can be written as 
The defect probability of the supplier's product given low defect rate a h : The defect probability of the supplier's product given high defect rate a n : The return rate of non-defective products by the consumers π l : Ex-ante probability of the supplier's product having a low defect rate µ a : Ex-ante defect rate of the supplier's product Probability and the retailer's problem under a BIF policy is max Q,w≥0, δ bi ∈(0,1)
and where L solves the supplier's optimization problem for (Q, w, δ bi ) as given in (4). (5) Figure 2 depicts a comparison of the two financing schemes. As shown in panel (a), when financing through a commercial loan, the loan transaction is fully between the supplier and the bank. Any risk of non-payment of the loan back to the bank is carried by the bank. For the Buyer Intermediated Financing scheme, on the other hand, the buyer sets the interest rate on the loan the supplier is receiving at t = 1, and as shown in panel (b), and commits to pay back the loan with interest at t = 2 to the bank. Table 1 summarizes our model notation. 
The First Best Solution
Lastly, before we present the equilibrium solution for each financing scheme we study, we present the formulation of the supply chain ideal benchmark, i.e., first-base case, where the supply chain is integrated and the decisions are centralized. In this case, the supplier's budget constraint as well as the participation and incentive compatibility constraints no longer enter the formulation. The first best problem, which we denote by the subscript f b , then can be formulated as
Solving (6), the optimal order quantity for the first best case can be found as
Plugging (7) back in (6), we can obtain the first-best channel profit Π * f b . Throughout the rest of the paper, we will be using the first-best quantity Q * f b and surplus Π * f b as our benchmarks for quantity and surplus under full supply chain efficiency.
Equilibrium Analysis
In this section, we provide the equilibrium solutions and comparisons of the three financing methods we described above in Section 3.1. We start with the equilibrium outcome for the case when the supplier's initial budget position is relatively high.
Proposition 1 Definē
In each case, the equilibrium wholesale price is
Proposition 1 states that, when the supplier's budget level is sufficiently high, in all three of the financing schemes we study, he will not need to borrow to produce, and instead he will pay for his operations using his own funds. Further, as stated in part (i), if the supplier's budget is sufficiently high to produce the first-best quantity, he produces at that level using his own funds. The financing costs that are paid to a third party as well as the decentralized decision of supplier choosing his loan amount disappears and the supply chain gets coordinated. As indicated in part (ii), if the supplier's budget is insufficient to produce the first-best quantity but still not too low, in the optimal contract, he will still not borrow and will use his own funds. However, in this case, the retailer sets the wholesale price that makes supplier break even and orders a quantity less than the first-best (notice that in this case Q * ρ = B 0 (1 + r f )/c p < Q * f b ). Consequently the equilibrium outcome will be strictly worse than the first-best outcome. That is, for an intermediate supplier budget band, the supply chain will operate without financing from a third-party entity but without full efficiency.
On the other hand, when the supplier's budget is not sufficiently high, he will need to obtain financing.
We study this case under each financing scheme next. Note that henceforth, we will be using the quantity thresholds defined in (8)-(9) in our notation. We start with the case of financing through a commercial loan, which is presented in the following proposition.
Proposition 2 For commercial loan financing, if B 0 < c pQcl /(1 + r f ), then in equilibrium
Proposition (2), states that when the supplier's budget is sufficiently low, it becomes optimal for the retailer to offer a contract that induces the supplier to borrow to support his production. Given the loan amount requested by the supplier, the bank will set the interest or the discount rate competitively. In particular, the commercial loan interest rate will depend on the loan amount. Note that projecting the bank's interest and discount rate setting behavior, the supplier will borrow the exact amount needed to cover his production costs at t = 1.
Next, we present the equilibrium outcome for the Buyer Intermediated Financing (BIF) scheme.
Proposition 3 For buyer intermediated financing, if B 0 < c pQbi /(1+r f ), then in equilibrium, the supplier borrows up to the level to cover his production costs. Further,
Note that the relationship between an interest rate r and the corresponding discount rate δ is 1 + r = 1/(1 − δ). Therefore, the corresponding interest rate for the buyer intermediated financing scheme is
is, unlike the commercial loan, under the BIF structure the bank makes strictly positive profits. Yet, this is still optimal for the retailer who sets the rate in its three-way contract with the bank and the supplier, because the high interest rate restrains the supplier from borrowing too much, which keeps the retailer's costs low. As a result, in equilibrium, the supplier will again borrow only up to the amount he needs to cover for his production costs.
We can now compare the outcomes of the two financing schemes in several performance and efficiency aspects. The following proposition presents the comparison.
Proposition 4
(i) Buyer intermediated financing has a lower interest rate than the commercial loan, i.e., r f < r bi < r cl .
(ii) There exist κ,κ > 0 such that given that the supplier borrows a positive loan amount, (a) if µ a < a l + κ, BIF induces a lower wholesale price, i.e., w * bi < w * cl ;
(b) if µ a >κ, then BIF induces a higher wholesale price, i.e., w * bi ≥ w * cl . is sufficiently low, the order quantity under the commercial loan is higher than that under BIF. This is because, even though BIF reduces the interest rate the supplier faces, it makes the retailer assume increased risk, since the retailer commits to cover the supplier's loan payment even when the product is defective and the supplier is unable to pay back the loan. This added risk reduces the retailer's incentives to order under BIF. However, as µ a becomes larger, because of the rising commercial loan interest rate, the order quantity under the commercial loan sharply plunges and the order quantity under BIF can significantly be higher.
The wholesale price with BIF, on the other hand, can be lower or higher than the commercial loan. As stated in part (ii)(a), if µ a is not too high, then BIF reduces the wholesale price by reducing the cost of borrowing. However, when the ex-ante riskiness of the loan rises the commercial loan interest rate increases and the order quantity decreases significantly. Then the supplier needs to borrow little, which means that the higher bank interest rate under commercial loan does not inflate the supplier compensation much and the wholesale price can be lower with a commercial loan than BIF as stated in part (ii)(b). However, increased µ a means sharply decreasing profits for the supply chain for the commercial loan case and the Quant ity R at io ( a) I nt e r e s t R at e and Or de r q uant ity We will be using our theoretical results from this section in the rest of the paper in our empirical analysis in order to derive hypotheses, to make structural parameter estimations, and to perform efficiency and savings calculations.
Empirical Analysis
Utilizing the theoretical foundations we have laid out in Section 3, we now present our empirical results.
Our data comes from Jingdong, the largest Chinese online retailer (JD.com). Jingdong employs a buyer intermediated financing scheme, which it launched in the end of 2012, and the service was adopted by a wide range of suppliers during the year of 2013. To this date the company has helped its suppliers get a combined 1 Billion Chinese Yuan (approximately $167 Million) financing. 6 In this section, we test our theory by using data from this initiative. First, we provide a parametric estimation of product demand distributions. Using the derived demand distributions, we present a structural estimation of our theoretical model, obtaining estimates for goodwill costs, average interest rate for the suppliers under commercial loans in 2012 and retailer's demand forecast errors. Then we test four hypotheses on the outcome of BIF based on our theoretical results in Section 3 and our structural parameter estimation. Finally, again using our structural estimation we estimate Jingdong's supply chain efficiency gains from employing the Buyer Intermediated Financing scheme.
Data description
The data consists of more than 60000 SKUs that are sourced from 186 different suppliers of Jingdong.
Among these suppliers, 143 of them have used the buyer intermediated finance service provided by the retailer (the BIF group), and the remaining 43 were randomly selected among suppliers that did not use financing or used other sources of financing (the control group). The data, which is collected from January 1, 2012 to December 31, 2013, contains information on both the procurement and retail sides. The procurement data includes product name, wholesale price, annual order quantity, as well as the supplier identification. The retail data includes the retail price and the annual realized demand. In addition to the procurement and retail data, we also have data from the finance service, which contains each supplier's reliability rating evaluated by the retailer. Furthermore, for those suppliers who have used the supplier finance program, the data includes account receivables and the amount borrowed through the supplier finance service.
Demand Estimation
We start by estimating the demand pattern for each industry. We use a log-log demand estimation model
where D ij is the demand for SKU i in industry segment j, p ij is the price for that SKU, a j is the industryspecific fixed-effect for demand, b j is the industry-specific price elasticity, and ij is the corresponding Since the demand data only reveals the realized sales, censored in the sense that unmet demand is lost and unobserved, the estimation needs to be appropriately adjusted. To this end, we employ an expectationmaximization regression method to account for the unobserved component of demand (see, e.g., Dempster et al. 1977, Aitkin and Wilson 1980) . There are two steps in the estimation: 1-At iteration t = k, compute Q(θ; θ (k) ) where
2-At iteration t = k + 1, find θ (k+1) s.t.
In (20) and (21), θ represents the vector of parameters to estimate. As demand for industry segment j is modeled as in the regression equation (19), the parameters to be updated can be expressed by θ = (a j , b j , σ 2 j ), where σ 2 j is the demand variance for industry j. L(θ; y) is the log-likelihood function of the uncensored demand data y. Again two examples of distributions for industry residuals again (Electronic Products and Cosmetics) are given in panels (c) and (d) of Figure 4 . As can be seen in Table 2 , in 14 of the 15 industry segments Pearson Chi-square normality tests on the residuals from regression specified by (19) indicate that demand follows a log-normal distribution. Thus assuming normality for the log-residuals, for 
Without loss of generality, let n j be the sample size for industry segment j, in which the first m j demand entries are not binding with the respective order quantity and the rest n j − m j demand entries are binding.
Further, let D ij denote the real demand, and let D obs denote the observed binding demand documented in the data.
Combining (21) and (22), the parameters at iteration k + 1 can be updated as
and
where
A more detailed derivation of the distribution parameter update equations are given in Appendix B. The estimation results are presented in Table 3 . Furthermore, the estimated parameters a * j , b * j together with σ 2 * j rendered by the regression iterations at convergence allow us to calculate estimated demand distributions.
The mean of the logarithm of uncensored demand for each SKU is calculated as µ * ij = a * j + b * j log(p ij ). The variance for each SKU, on the other hand, can be approximated by σ 2 * ij = σ 2 * j (µ ij /( n j s=1 µ sj )). The logarithm of the uncensored demand therefore follows log(D ij ) ∼ N (µ * ij , σ 2 * ij ).
Structural Estimation of the Parameters
In order to estimate the performance of the supply chain through our theoretical analysis presented in Section 3, we need to estimate values of several parameters that are not directly provided in the data set.
To start with, a l , a n , c e and r bi have to be calibrated. First, information obtained from Jingdong's financial disclosures reveals that the shipping fee c e is on average 8 Yuan per item. 7 The information obtained from Supplier Finance Division of Jingdong annual interest rate for the Buyer Intermediated Financing (r bi ) is 9% for all suppliers who are qualified for using the supplier financing service, which are the low product defect rate suppliers as assessed by the company. In addition, the risk-free rate can be obtained through public information from The People's Bank of China and is 6% for the period encompassed by the data.
Then since by equation (15), (1 + r f )/(1 − a l ) = 1 + r bi , we obtain our estimate for a l as 0.0283. Moreover
Jingdong's average consumer product return rate, including defect and non-defect cases, is 4.2%. 8 Since the total return rate is a l + (1 − a l )a n and a l = 0.0283, the estimate for a n can then be calculated as 0.0141.
With the above parameters obtained, we move to derive the suppliers' budget levels and production (17) and (18) and taking the sum of the binding individual rationality constraint for the buyer intermediated finance scheme over all applicable SKU's.
That is,
where for supplier k in industry segment j, M kj is the number of SKU's, L kj , the loan obtained by supplier as documented in our finance data set, and the expectation is computed using the corresponding demand distribution for each i derived in Section 4.1.1.
By Proposition 3, a supplier will borrow no more than what is needed to cover his production cost.
Thus, we can provide an estimate for an SKU's unit production cost using his budget constraint. From (18), assuming proportional allocation of loan over the budget for each SKU i for a given supplier k in industry segment j, we have
Lastly, assuming that suppliers financed their operations through commercial loans in 2012, the goodwill loss c g and the average interest rate for commercial loan r cl can be jointly structurally estimated by combining (8) and (9). The estimation results are derived from the following equation:
where the superscript indicates which year the data is from, M j is the number of SKUs in industry j, N is the number of industry segments and is equal to 15. {ξ j }'s are defined as the industry based demand forecast errors that take different values in 2012 and 2013. Since Jingdong makes the ordering decision based on its forecasted demand instead of the actual demand, we explicitly model and estimate the forecast errors so that the estimation results for c g and r cl will not be affected by the disparity in the perception of demand distribution. In addition, c (13) p(ij) is the production cost in 2013 and is derived from (29), the unit production cost for each SKU i, j in 2012, c (12) p(ij) , is adjusted from the corresponding estimated production cost in 2013 c (13) p(ij) , only by adjusting for inflation. 9 The estimation results are given in Table 4 .
As shown in Table 4 , the interest rate on loan is on average 20.44%, which indicates that commercial loans tend to be expensive financial tools for small suppliers. Moreover, we can observe from the table Table 4 , we will next test hypotheses derived from our theory in Section 3, and perform efficiency analysis.
Tests on Borrowing, Wholesale Prices, and Order Quantities
In this section, based on the results from our theoretical analysis from Section 3 we present and test hypotheses on supplier borrowing behavior, the effect of BIF on wholesale prices and the order quantities.
Our first hypothesis is on supplier borrowing and draws from one of our conclusions from Proposition 3, which states that in equilibrium, suppliers will only borrow what is needed to cover their production costs, even though their credit limits are higher. Notice that if in the BIF contract design, it is in the retailer's interest to set a low interest rate for the loan since the retailer herself will be paying the loan back to the bank. However, if the retailer sets an interest rate that is too low, the supplier may have an opportunity to borrow more than he needs for production just to boost his expected profit since the retailer commits to pay the supplier's loan regardless of a product defect. In such a case, a supplier would borrow all the way up to his credit limit, which can increase total procurement costs and reduce retailer profits. Proposition 3 implies that in equilibrium, the retailer will not set the interest rate too low and as a consequence the supplier will not borrow up to their credit limits. Formally stated the hypothesis to test is:
Hypothesis 1 When using BIF, suppliers borrow less than their available credit limits.
As we have shown in part (i) of Proposition 4, if a supplier with a low product defect rate chooses to use commercial loan to finance his production, the interest rate on the loan should be higher compared to the case where the supplier uses BIF.
Hypothesis 2 The use of BIF induces lower interest.
As a consequence of higher interest rates under a commercial loan, the supplier's total costs increase and in order to cover for these increasing costs, the retailer has to offer a higher wholesale price. As we have found in part (ii) of Proposition 4 and as demonstrated in Figure 3 , for moderate supplier ex-ante defect rate, with lower interest rates BIF can induce lower wholesale prices, and we can state the following hypothesis:
Hypothesis 3 (a) The use of BIF induces lower wholesale prices.
(b) The use of BIF induces lower wholesale-to-retail price ratios.
Finally, again as we discussed in Section 3, decreased wholesale prices lead to increased order quantities. Therefore, as we have shown in part (iii) of Proposition 4, for suppliers that are financed through BIF, order quantities tend to increase. Hence we have the following hypothesis:
Hypothesis 4 The use of BIF induces higher order quantities.
To test Hypothesis 1, for the 143 suppliers who have used the financing provided by the retailer, we first compute the ratio of the amount borrowed by each supplier over his total account payable. Define M kj as the the number of SKU's supplier k in industry segment j has. Then the loan ratio for this supplier
We then conduct paired t-test on the the difference of the ratio from 1. The test result shows that the mean of the ratio is 0.337, with a t-value of −33.41 and is significant at the 0.01% level. Therefore, Hypothesis 1 is supported.
In order to test Hypothesis 2, we compare the interest rate on the commercial loan used by the suppliers in 2012 to the interest rate charged in BIF using a t-test. From our structural estimation of our model in Section 4.1.2, the average interest rate for commercial loans r cl , is found to be 20.44% with standard deviation 2.09% (Table 4 ). The BIF interest rate, r bi = 1+r f 1−µa − 1, is known to be a flat rate 9%. The t-test shows that commercial loan induces a higher interest rate with a t-value of 494.507 and is significant at 0.01% level. Hence, Hypothesis 2 is supported.
Hypothesis 3(a) can be tested by conducting a t-test on the ratio of 2013 wholesale price over 2012 wholesale price for both the control group and the BIF group. The results from the t-test indicates that the average wholesale price drop in the BIF group is 3.1%, compared to a 1.7% drop in control group.
Moreover, the t-test shows that the difference in wholesale price renders a t-value of −4.062, and the result is significant at the 0.01% level. Thus, the data indicates that the relative 1.4% drop between the two groups is due to the use of the buyer intermediated financing scheme, and hence Hypothesis 3(a) is supported. For Hypothesis 3(b) , to take into account the effect of the change of overall retail price in the market, we perform t-test on the ratio of 2013 wholesale-to-retail price ratio, defined as w ikj /p ikj , over 2012 wholesale-to-retail price ratio, for both the BIF and the control groups. The results from the t-test indicates a 1.88% increase in the wholesale-to-retail price ratio from 2012 to 2013 for BIF group, in contrast with a 3.63% increase for control group, with a t-value of −3.943, and the difference is significant at 0.01% level. Hence, Hypothesis 3(b) is also supported.
Finally, to test Hypothesis 4, for each SKU in BIF and control group, we calculate the ratio of order quantity over the mean of untruncated demand with forecast error included, that is
This is because with forecast errors, the logarithm of demand follows
and the demand, which follows a log-normal distribution, has mean e µ * ij (1+ξ j )+(σ * ij (1+ξ j )) 2 /2 . This operation allows us to see to which percentage will Jingdong fulfill the demand with and without BIF when demand forecast is known. Hence, Hypothesis 4 can be tested by implementing a t-test on the ratio of 2013 order quantity to mean demand ratio, over 2012 order quantity to mean demand ratio for both BIF and non-BIF groups. The results from the t-test shows that the non-BIF group has a ratio of 0.733, and BIF group's ratio is 0.871, indicating that employing BIF induced a relative 13% increase in the order quantity, with a t-value 2.661, and is significant at the 1% level. Therefore Hypothesis 4 is supported.
We can further test Hypothesis 4 as follows. For each SKU i in industry segment j,
In equation (33), D 13 is the year indicator for 2013 and BIF is the indicator for whether the supplier used Jingdong's financing. Hence, β 0 captures the effect of demand forecast on order quantity, β 1 shows the impact of the year 2013 over 2012 on order quantity, and β 2 seizes the difference in firm characteristics between BIF group and control group. Finally, β 3 , the coefficient of the interaction variable indicating a buyer financed SKU order, isolates the impact on order quantity brought by the implementation of BIF scheme. The regression results are given in Table 5 . As can be seen in the table, after controlling for the effects of annual change in demand and the wholesale price fluctuations, the use of buyer intermediated finance leads to a significant increase in the order quantity (coefficient of BIF is 0.3411 which is significant at the 0.01% level). This again supports Hypothesis 4. 
Empirical Efficiency Analysis
In this section, we present efficiency analysis based on the results from both our theoretical analysis and the data. By combining our theoretical results with empirical findings, we are able to estimate elements that are not directly contained in the data set, such as suppliers' budget and the production costs for each product. Further, we substitute our estimation from the structural regressions back for calibration and make direct profit comparisons between different financing scenarios to calculate efficiency gains.
Efficiency Comparisons
In this section, we conduct efficiency comparisons between commercial loan and BIF. We start by analyzing the budget of the supplier under each financing scheme. With the assumption that the production cost in 2012 differs from the production cost in 2013 only by the inflation factor 2.6%, by (13), we can estimate the 2012 budget for supplier k in industry segment j as The industry segment breakdown of the suppliers' estimated initial budget as a percentage of their total production cost is shown in Figure 5 . Our estimates show that in 2012, suppliers's budget level is on average 66.7% of their production cost, and in 2013, this number drops to 55.6%. In addition, Figure   5 (b) shows that 7 out of 15 industries have on average less than 50% of the cash needed to support their production, indicating that the suppliers in need of financing require very significant support, and for many of them close to double their cash positions is needed just to cover their production costs.
Further, by using the estimated SKU based demand distributions, we can also estimate a supplier's expected losses from unsold product returns for that SKU,
. Utilizing these estimates, Figure 6 demonstrates the retailer's gross margin ((p−w)/w)and the suppliers' expected losses from unsold product returns as a percentage of total production cost (wE[(Q − D) + ]/wQ). The average gross margin for the retailer is 12.7%, and Figure 6 shows that the margin, which ranges from less than 1% to 20%, varies to a great extent among industry segments. The overall average of estimated expected supplier losses from returned products is 25.1% varying between approximately 11%-45% among the industry segments.
With B 0 , c p , c g , {ξ j }, a l , a n , r cl and SKU demand distribution estimates in hand, we can calculate the optimal order quantities and the expected profit for the first-best solution, as well as the expected supply chain profit under Buyer Intermediated Financing. Moreover, we can also calculate the estimated wholesale price, order quantity and the expected supply chain profit for each SKU using Propositions 2 through a counterfactual analysis had the suppliers financed through commercial loans. We can then measure the efficiency of each scheme as well as the efficiency gains obtained by employing BIF using the first-best outcome as a benchmark for varying µ a values for both with and without forecasting errors cases. Table 6 presents these results. In particular, it exhibits the ratio of the mean of the optimal order quantity in each scheme as a fraction of the order quantity from the first best solution, the mean of optimal wholesale price under each scheme, and the ratio of expected profit for each scheme over the first-best total profit. As can be seen from Table 6 , affected by the forecast error, retailer in general orders more than the first best order quantity under both financing schemes. With the estimated r cl , the quantity increase by employing BIF over commercial loan ranges from 3.8% to 16.7% with forecast error and from 3.4% to 12.8% without forecast error. Profit gains on the other hand vary from from 1.2% to 15.2% with forecast error and from 2.0% to 12.5% without forecast error. The empirical efficiency comparison of order quantity, wholesale prices and profits as µ a varies are further illustrated in Figure 7 . As can be seen in panel (a), the retailer orders more than the first best order quantity due to forecast error. In panel (b) the presence of forecast error leads to higher wholesale price and a more rapid growth for wholesale price of commercial loan as µ a increases. BIF appears to be less sensitive to forecast error than commercial loan, Therefore, we can conclude that employing BIF resulted in approximately $7.3M savings for Jingdong for the companies in our sample data set. Note that our data covers only about 1 Billion Yuan total financed through BIF by Jingdong whereas the total amount financed by the company in 2013 was approximately 8 Billion Yuan. Therefore, the company's projected total savings from BIF in 2013 reaches upwards of $58M for 2013.
Concluding Remarks
In this paper we studied a novel financing scheme that is recently employed by large buyers to provide accessible financing to small suppliers who are facing budget constraints. We first built a game theoretical model to analyze traditional supplier financing schemes such as commercial loans and factoring, and compared the efficiency of Buyer Intermediated Financing to the efficiency of these traditional schemes.
We theoretically demonstrated that BIF reduces the loan interest rate and the wholesale price, and can increase the order quantities significantly. As a result, the supply chain efficiency can improve substantially with BIF. ( c )
Supply C hain e ffic ie nc y We then use data from Chinese online retailer Jingdong to test the predictions of our theory as well as measuring efficiency gains and savings resulting from buyer intermediation in financing. Our empirical analysis verifies our theoretical prediction that the suppliers who use the buyer intermediated financing service will not use up their credit limits -in fact they use only about 33.7% of their available credit.
The data analysis also provides evidence for our theoretical predictions that BIF significantly reduces the wholesale price and can substantially increase order quantities. Further, we perform a structural estimation of the model to predict the model parameters that are not directly unobservable. We estimate demand distributions, the retailer's unit goodwill loss, and average value of channel presence for suppliers in each industry segment. Using our estimations to calibrate our model, we then perform an empirical efficiency analysis. We estimate that the cash positions for the suppliers who need the financing service can cover only about 55.6% of their production costs. We also estimate the supply chain efficiency gains through BIF can reach up to 16.7% over the commercial loan, resulting in significant potential annual savings.
Our study provides theory and evidence on the efficiency of the Buyer Intermediated Supplier Financing schemes that are gaining increased usage in supply chains, especially in emerging economies. This innovative approach in easing suppliers' budget constraints can help not only improving supply chain efficiency significantly, but also help many small suppliers to gain their footing in the industry and grow their business, ultimately helping the development of economies, trade growth and value generation around the globe.
The insights obtained from our study and future follow up studies can contribute to the understanding of these useful financing schemes and to their evolution and progress in practice.
Online Supplement for Buyer Intermediation in Supplier Finance
A Proofs of Propositions
Proof of Proposition 1: We will present the proof only for the commercial loan case. The proofs for factoring and the buyer intermediated financing schemes for this proposition will be similar and hence be omitted.
First, by (7) and (12),
as stated in the proposition, since a l < µ a . Now, given the supplier's loan amount request l, the bank competitively sets the interest rate r c l that solves
where, by (1)
is the supplier's cash position at t = 2 in case the product is defective. Notice that since min{B d 2 , l(1 + r cl )} ≤ l(1 + r cl ), then by (A.2), 1 + r cl ≥ 1 + r f , where the equality holds only when min{B d 2 , l(1 + r cl )} = l(1 + r cl ) = l(1 + r f ). Further, r cl is monotonically non-increasing in B d 2 . Hence, solving (A.2) we obtain Hence, we have dΠ s /dl = 0 for all cases. This implies that given w and Q, supplier will be indifferent between borrowing and not borrowing. That is, every value for l is an equilibrium. However in reality, due to the existence of commission fee, we assume supplier will borrow exactly what is needed to cover his production costs, i.e., l = c p Q − B 0 (1 + r f ) if B 0 (1 + r f ) ≤ c p Q. Now, first suppose B 0 (1 + r f ) > c p Q, i.e., for which this condition is not satisfied, supplier will have incentives to obtain a loan L → ∞, which will be suboptimal for the retailer. Further, notice that for δ bi ≥ 1 − (1 − a l )/(1 + r f ), the supplier will borrow to exactly cover his production costs, meaning L = (c p Q − B 0 (1 + r f ))/(1 − δ i ), and hence dL/dδ bi > 0. Consequently, by (A.14), on δ bi ≥ 1 − (1 − a l )/(1 + r f ), the retailer will minimize δ bi , which means δ bi = 1 − (1 − a l )/(1 + r f ). Further, this discount factor satisfies the bank's participation constraint, as δ * .16) Hence, for δ * bi , the supplier will choose L = (c p Q − B 0 (1 + r f ))(1 + r f )/(1 − a l ), and plugging it in the supplier's participation constraint, we have .17) As the left hand side of (A.17) is increasing in w, and the retailer's objective function in (5) on Q > B 0 (1 + r f )/c p , which is again concave in Q, and has a unique maximum at Q * bi =Q bi = F −1 1 − c p (1 + r f ) (1 − a l )((1 − a l )((1 − a n )p − a n c e ) − a l c e + c g )
. Since 0 < a l < µ a , we have r f < r bi < r cl .
A.4
For part (ii)(a), denoting µ a = a l + δ, plugging in (12), and by (12), Q * cl = F −1 1 − c p (1 + r f ) (1 − a l )((1 − a n )p − a n c e ) − a l c e + c g + O(δ) = Q * i.e., g(Q) is increasing in Q. Further, by Propositions 1 and 3, Q * f b > Q * bi . Since w * bi = g(Q * bi ), it then follows that there existsd > 0 such that if µ a < a l +d, w * cl > w * bi . This proves part (ii)(a). For part (ii)(b), denote (c p (1 − a l )(1 + r f ))/((1 − a l )((1 − a n )p − a n c e ) − a l c e + c g ) by K 0 . Note that when K 0 ≥ 1, the supplier will choose not to produce by eq.(12). For K 0 < 1, let µ a = 1 − K 0 − δ, and plug it in (12). With a non-empty lower of the demand distribution support f (F −1 (0)) > 0, we have which is positive since µ a > a l . Thus, there existsd > 0 such that if 1 − µ a < K 0 +d, i.e., when µ a > 1 − K 0 −d = κ > 0, we have w * cl ≤ w * bi . Finally, to see part (iii), we start by comparing the equilibrium order quantities. By (8) and (9), Q cl ≥Q bi if and only if F −1 1 − c p (1 − a l )(1 + r f ) (1 − µ a )((1 − a l )((1 − a n )p − a n c e ) − a l c e + c g )
≥ F
−1 1 − c p (1 + r f ) (1 − a l )((1 − a l )((1 − a n )p − a n c e ) − a l c e + c g )
. (A.33) 
